Abstract Nationally up to 60 % of persons living with HIV are neither taking antiretroviral therapy (ART) nor well engaged in HIV care, mainly racial/ethnic minorities. This study examined a new culturally targeted multi-component intervention to address emotional, attitudinal, and social/structural barriers to ART initiation and HIV care. Participants (N = 95) were African American/Black and Latino adults with CD4\ 500 cells/mm 3 not taking ART, randomized 1:1 to intervention or control arms, the latter receiving treatment as usual. Primary endpoints were adherence, evaluated via ART concentrations in hair samples, and HIV viral load suppression. The intervention was feasible and acceptable. Eight months post-baseline, intervention participants tended to be more likely to evidence ''good'' (that is, 7 days/week) adherence (60 vs. 26.7 %; p = 0.087; OR = 3.95), and had lower viral load levels than controls (t(22) = 2.29, p = 0.032; OR = 5.20), both large effect sizes. This highly promising intervention merits further study.
Introduction
Recent research has produced important advances in the field of HIV/AIDS including treatment as prevention; insights into strategies to seek, test, treat and retain vulnerable populations in care; pre-exposure prophylaxis; new HIV testing algorithms, and improvements in the tolerability and efficacy of antiretroviral therapy (ART) [1] [2] [3] [4] [5] [6] . At the same time, however, there is increasing concern about serious gaps in the domestic HIV care continuum [7, 8] . Of the 1.1 million Americans living with HIV, 60 % are not retained in care; 63 % have not been prescribed ART; and only 30 % have undetectable viral loads [9] . Thus overall, approximately 60 % of PLHA are not well engaged in care and not taking ART, mainly African Americans/Blacks and Latinos [9] . In fact, the Centers for Disease Control and Prevention (CDC) has called for improvements in every step along the HIV care continuum, with particular efforts to reduce racial/ethnic disparities [10] .
Description of the Multi-Level Factors Driving these Gaps in the HIV Care Continuum
The problems of low uptake of ART and poor engagement in HIV care are related: Those who have declined ART may also avoid HIV care, because they do not wish to discuss or feel pressured to take ART, or because they do not see the need for HIV care if not on ART [11] [12] [13] , and those not well engaged in HIV care rarely gain access to ART [14] . In fact, the same set of barriers and risk factors foster these two gaps in the HIV care continuum, as described in the next section. The present study conceptualizes barriers to HIV care and ART use through the framework of the Theory of Triadic Influence [15] . This is a multi-level social-cognitive theory focused on three ''streams of influence'' which act simultaneously to affect health behaviors, namely, individual-, social-, and structural-levels of influence [16, 17] . Moreover, shared cultural and historical experiences among African American/Black and Latino populations, such as past abuses of racial/ethnic minorities by medical research settings, and discrimination and structural racism, may create or foster barriers to health at these levels of influence, such as fear of medications, medical distrust, stigma, and challenges accessing health services, or these types of barriers may resonate more strongly with people of color than Whites as a function of these past and present experiences [18] [19] [20] [21] . Thus, identifying culturally relevant barriers to health is critical and creates the foundation for culturally targeted intervention components to reduce health disparities; that is, components focused on group-level characteristics that draw on culturally and socially grounded values, norms, and assets, and which target the most critical barriers to health for these groups [22, 23] . In fact, there is growing awareness targeted intervention components are more effective than more general or nonspecific interventions [24, 25] . In light of the importance of culturally informed approaches to reduce health disparities, the main barriers impeding engagement in HIV primary care and ART uptake for African American/Black and Latino PLHA are described in the following section.
At the individual level of influence, insufficient knowledge, for example about the guidelines regarding frequency of HIV care and the recommended ART initiation thresholds, is a primary barrier to engagement in HIV care and uptake of ART [26] [27] [28] [29] . Further, negative health beliefs, including medical distrust, negative expectations about the efficacy of care and/or ART, perceived lack of need for care and/or ART (particularly when one feels healthy), and low levels of perceived ''readiness'' for ART [28, [30] [31] [32] [33] impede care engagement and ART uptake. Negative emotions about care and ART use, primarily fear, for example of being pressured to take ART, side effects, disclosure issues, and the adverse effects of HIV and ART on relationships, are additional serious impediments [34] [35] [36] . Moreover, substance use and mental health problems are endemic in this population and interfere with care and ART uptake [37] [38] [39] [40] . Finally, substantial proportions of patients lack, or believe they lack, behavioral skills to maintain adherence to ART [41] .
Barriers at the social level of influence include prevalent negative social norms regarding health care engagement and taking medications, such as norms that health care systems and medications cannot be trusted, alternative therapies should be tried first, and ART is toxic [5, 11, 12, [42] [43] [44] . In addition, high rates of social isolation and low levels of social support impede HIV care and ART use [45, 46] , as does HIV stigma or fear of HIV stigma, and challenges managing or avoiding other interdependent co-occurring stigmas related to HIV (e.g., associated with past/ current substance use, sexual minority status, low socioeconomic, racial/ethnic and/or other stigmatized statuses) [47] [48] [49] .
Structural barriers are aspects of the external environment (economic, social, policy, organizational or other) which limit individuals' options [50] . At the structural level of influence, barriers to HIV care and ART use encompass challenges negotiating the health care system, including relationships with providers [51] , problems with transportation, unstable housing, and poor care access [51] . In particular, challenges accessing services for substance use and mental health concerns impede good HIV health outcomes [12, 13, 28, 52] . Although interventions developed for individual PLHA may not be able to eliminate structural barriers, they can reduce their influence on health outcomes by increasing participants' options [53] .
Barriers at these three levels of influence combine synergistically to reduce PLHA's motivation, behavioral skills, and access to HIV care and ART. Complicating intervention efforts, barriers at all three levels of influence are commonly rooted in and shaped by poverty [12, 52, 54, 55] . On the other hand, factors facilitating engagement in care and ART initiation operate concurrently with these barriers, and such facilitators can be strengthened by interventions. These include willingness to explore health options despite barriers [12, 56, 57] , intrinsic motivation to achieve good health outcomes [58, 59] , and social network members who support engagement in HIV care and ART use [60] .
Description of the Heart to Heart (HTH) Intervention Evaluated in the Present Study
The present study describes a new behavioral intervention designed to address barriers to engagement in HIV care and ART initiation at the three theoretical levels of influence described above, called the ''Heart to Heart'' (HTH) intervention. Motivational Interviewing (MI) was used as the intervention's main counseling approach [59] . MI is a flexible, collaborative counseling method that actively engages, focuses, and guides participants in order to elicit and strengthen intrinsic motivation for behavior change [59] . A description of the four main components that made up the HTH intervention-MI sessions, involvement of ''support partners,'' focused support groups, and patient navigationis presented in Fig. 1 . The HTH intervention's primary endpoint was ART initiation with high adherence. Further, during the early phases of the study as recruitment procedures were modified, it became apparent participants experienced serious gaps in HIV care engagement, in addition to their not taking ART. In response, poor engagement in HIV care was added as a secondary endpoint and the intervention was modified to also address barriers to HIV care. The cultural targeting of the intervention to African American/ Black and Latino PLHA was achieved through brief video narrative segments used during intervention sessions depicting storyline narratives with HIV-infected peers, followed by specific interactive exercises to foster articulation and discussion of culturally grounded barriers to HIV care and ART. These culturally relevant themes were explored further in other intervention components. The HTH intervention was also designed to be flexible and individualized, drawing on individual participants' strengths as well as highlighting idiosyncratic barriers to HIV care and ART. HTH allowed for individual tailoring of intervention components [61] , based on (1) participants' level of readiness to engage in care and/or initiate ART; (2) medical decision making style [62] ; and (3) in response to common but not universal barriers or concerns, such as substance use and mental health problems. With respect to the sequence of activities, MI sessions were conducted before navigation, and support groups were held concurrently with the navigation phase. The intervention was guided by a manual, available from the first author, as is the full protocol.
Aims
The study's primary aim was to examine the acceptability and feasibility of procedures and the intervention components, and explore evidence of intervention efficacy on the following: (1) biological endpoints assessed with biomarkers, namely biological assessment of ART adherence by an objective measure (hair analysis) and HIV-1 viral load responses and (2) HIV care continuum and behavioral endpoints, namely, rates of ART initiation and ART adherence measured by self-report, and engagement in HIV primary care assessed from the medical record. We also explored whether intervention acceptability, feasibility, and evidence of efficacy differed based on participant characteristics such as sex, race/ethnicity, sexual minority status [men who have sex with men (MSM) vs. non-MSM], and substance use.
Methods Recruitment
Participants (N = 95) were recruited in 2012-2013 using two methods: direct recruitment in hospital-based HIV clinics and a community-based hybrid approach comprised of targeted sampling in community-based organizations and peer-to-peer recruitment (referred to as the ''communityrecruited sample'' below). As we described elsewhere, the study was designed initially to enroll PLHA in hospitalbased HIV clinics who were already engaged HIV care and who were medically eligible for ART but who had delayed, declined, or discontinued ART [40] . Yet we identified relatively few patients in the hospital-based HIV clinics who met inclusion criteria (3.1 %), and therefore the community recruitment approach was added. Overall, 63.2 % (60/95) of participants were community-recruited and 36.8 % (35/95) were recruited in the hospital-based HIV clinics [40] . This was a ''real world'' sample that included PLHA with heterogeneous socio-demographic and background characteristics. Health care and laboratory data were obtained from the medical record, as described below [40] . All procedures were approved by the Institutional Review Board of New York University and the two collaborating hospital sites, and the study was registered with Clinicaltrials.gov (NCT02086630). The study was not designed as a definitive trial of this new intervention. As such, the sample size was not determined by power analysis to detect a particular effect size. Instead, the sample size was the largest that was feasible in the context of a small study of a novel intervention.
Eligibility Criteria
The eligibility criteria were: age 18 years or older; HIV infected for [6 months; African-American/Black or Latino/Hispanic race/ethnicity; last CD4 count B500 cells/ mm 3 ; had never taken ART or took ART in the past but on fewer than 60 days in the past 6 months and not at all in the past 30 days (to recruit those who stopped ART, but to exclude those taking ART with inconsistent adherence); able to conduct research activities in English; medically eligible for ART for [3 months; active patient at the HIV clinic, that is, had seen a provider at the clinic at least once in the past year (clinic-recruited cohort only); not having any condition that in the opinion of the primary care provider would interfere with provision of informed consent or make it unsafe to participate in this study.
Procedures and Study Design

Screening for Eligibility and Baseline Medical Report Form
To foster participant involvement and facilitate accurate self-report of ART status, and to determine preliminary eligibility, the initial screening visit was comprised of a structured assessment and interactive exercises to orient and engage participants into the study. Participants were compensated for the screening visit ($20) . Medical (CD4 cell counts, HIV viral load) and past-year health care appointment attendance information were obtained from the medical record using a Medical Report Form (MRF). For the community-recruited participants, MRFs were obtained from the health care provider either directly by the study, with participant signed consent, or obtained from the provider by the participant him/herself, or by staff at the participating HIV clinics for that subgroup. Participants in the community-recruited cohort who obtained MRFs from providers received compensation ($25). MRFs included the signature and license number of the health care provider to confirm veracity of medical information. Study staff used active outreach methods to obtain MRFs in a timely fashion. In keeping with the exploratory nature of the study with this under-studied population, participants who reported not being engaged in HIV health care in the past year and therefore without a baseline (BL) MRF at the time of screening were permitted to remain in the study. These participants were referred to HIV care. In some cases, the BL MRF was obtained several months after the participant was enrolled and in others it was not possible to obtain the MRF. MRF data were entered into an electronic data file and checked for accuracy.
BL Assessment
Participants who met eligibility criteria provided signed informed consent to be enrolled in the study, and participated in a structured BL interview with reliable and valid instruments on HIV knowledge and attitudes, HIV history, mental health, substance use, and health care use patterns, lasting approximately 1 h. The assessment was conducted in computer-assisted personal interviewing (CAPI) and audio, computer-assisted self-interviewing (ACASI) formats, and was focused both on the past 6 months and over the lifespan. Assessments took place at the HIV clinics and a project field site. Participants received $20 for their time and fare for local public transportation.
Randomization, Intervention, and Follow-up
Participants were randomized by the study's principal statistician at a 1:1 ratio to an intervention or control arm in permuted blocks [63] varying in size from two to six allocations and with stratification by race/ethnicity (AfricanAmerican vs. Latino) and clinic. Field staff reached the principal statistician by telephone or email when an assignment was needed, and assignments were stored in a password-protected file only available to the principal statistician.
Participants in the control arm received treatment as usual. Treatment as usual in the hospital-based HIV clinics included high quality comprehensive health, mental health, social (e.g. case management, peer support), and ancillary services (e.g., yoga, dental care, acupuncture), including the opportunity to receive intensive support for ART adherence (a program called ''Care Coordination''). Almost a third of those in community-recruited cohort were treated in hospital-based HIV clinics [40] . Treatment as usual among the remaining community-recruited participants varied, with some participants having no access to HIV care or any other kind of services (approximately another third of participants), and the remainder receiving social services in community-based organizations, but not regular HIV primary care, or comprehensive HIV care and services in community-based settings. Thus overall, participants had or potentially had access to a high quality of HIV care and supportive services, but typically declined ART-related services, for the reasons described in the Introduction. The HTH intervention was carried out by trained, experienced Master's level clinicians. Intervention activities were conducted at the hospital sites and field site. Staff and participants were not blind to intervention arm assignment. Follow-up (FU) assessments, comprised of a structured assessment battery using the same measures as the BL assessment, were conducted at Time 2 (T2; 3 months postintervention, focused mainly on the past 3 months) and Time 3 (T3; 9 months post-intervention, focused mainly on the past 6 months). FU assessments were conducted mainly at the project field site. Participants received $30 for each FU assessment. At the T3 assessment a second MRF was obtained to assess the dates of health care appointments attended, CD4 cell counts, and HIV viral loads for up to 1 year after the baseline interview (an interval that included both the intervention and FU period).
Hair Analysis
Hair concentrations of antiretroviral (ARV) medications serve as an objective biomarker of adherence and exposure. The present study assessed ARV concentrations in hair samples among those who had initiated and were taking ART for at least 6 weeks at the T3 FU visit. Study collaborating partners at the University of California, San Francisco (UCSF) have developed methods to analyze lopinavir (LPV), ritonavir (RTV), atazanavir (ATV), nevirapine (NVP), efavirenz (EFV), darunavir (DRV), raltegravir (RAL), tenofovir (TFV) and emtricitabine (FTC) in small samples of extracted human hair using sensitive methods employing liquid chromatography/tandem mass spectrometry (LC/MS/MS) [64] [65] [66] [67] . These hair assays have been validated with good linearity (R 2 [ 0.99) and reproducibility [coefficient of variation (CV) \15 %] [66, 67] . Hair collection is noninvasive and does not require specific skills, sterile equipment, or specialized storage conditions, and high rates of acceptability and feasibility of collecting hair samples for hair ART monitoring have been found in rural African settings, and domestically in the Women's Interagency HIV study [65, 68, 69] . Hair levels of ART have been found to be stronger predictors of treatment outcomes than self-reported adherence [65, 69] or single plasma ART concentrations [69] , and there is a strong correlation between administered TFV dose and concentrations of TFV in hair [64] . In the present study, among those reporting taking ART at T3, we first assessed the specific ART regimen from pill bottles or prescriptions. Next, 100 strands of hair were collected, packaged, and shipped to the UCSF HIV Pharmacology laboratory for analyses. In the present study, all participants happened to be taking a TFV-based regimen, so the hair samples were all screened for TFV concentrations (40 % were on a regimen that included Truvada, 14 % were on Atrilpla, 11 % on Complera, 9 % on Stribild, all of which include TFV, and the remainder on another regimen that included TFV).
Study Variables
Assessment Battery
Socio-demographic characteristics were assessed with a structured measure [70] . We assessed HIV history, including year of HIV diagnosis, time between diagnosis and first engagement in health care, and ART use, with a measure from the HIV Cost and Services Utilization Study (HCSUS) [71] . We assessed whether participants had an established HIV primary care provider at baseline, coded as yes/no based on the successful completion of the BL MRF by the provider; some participants reported no engagement in HIV care, could not name a provider, or in some cases the provider identified by the participant was not familiar with the patient or did not complete the form despite staff reminders, often because of lack of familiarity with the patient. Symptoms of depression were assessed with the Center for Epidemiologic Studies-Depression Scale (CES-D8), and those with a score of 7 or higher were coded as having depressive symptoms at a clinically significant level [72] . Alcohol and drug use were assessed with the Risk Factors Questionnaire [73] , which assessed the frequency of cigarettes, and eight different substances over the lifetime and past 6 months, as well as injection drug use. Substance use data were coded to indicate whether participants had, over the past 6 months, used drugs, smoked cigarettes daily, used alcohol use four or more times a week, and used drugs daily. We assessed whether they had injected drugs ever and if so, in the past 6 months.
HTH Intervention
Acceptability Acceptability of the HTH intervention was evaluated with a 7-item scale on participant satisfaction with aspects of the intervention, assessed on a Likert-type scale (Cronbach's a = 0.74) [74] .
Feasibility Feasibility of study procedures and intervention components were assessed via rates of: participation in intervention activities; hair samples obtained (which were collected if the participant was taking ART in at least the 6 weeks before the T3 assessment); completion of MRFs at BL and T3; and retention to FU assessments. To capture the fact that some participants did not engage in HIV care in the study period, we coded the BL and T3 MRF as ''completed or resolved'' if the MRF was either returned to the study, or the participant could not identify an HIV care facility or provider, or the participant did provide clinic contact information, but the clinic reported the client was not considered a patient or did not have relevant information. MRFs were incomplete/unresolved if the participant could not be contacted (relevant to T3 only) or the MRF was provided to the clinic but the clinic or provider did not respond with the information.
Main Study Endpoints
Biological Endpoints
ART Adherence by an Objective Measure (Hair Analysis) Hair samples were used to assess adherence via an objective measure over the past 6 weeks using methods developed by Gandhi and colleagues [65] . Levels of ART in hair reflect uptake from the systemic circulation over weeks to months [75] . The laboratory provided the normalized concentration (by weight) of the core drug tenofovir present in each hair sample. Tenofovir concentrations were provided as quantitative variables (range 0.008-0.053 ng/mg) and then coded based on pre-determined cut-off values as a categorical variable (7 days a week adherence, yes/no) [64] . These cut-off values were extrapolated from a study that examined hair concentrations of tenofovir in HIV-negative individuals dosed with tenofovir at a frequency of 2 days a week, 4 days a week, and then 7 days a week [64] . For example, adherence of 2 days per week is correlated with a tenofovir concentration in hair of 0.008-0.021 ng/mg.
HIV-1 Viral Load Levels HIV-1 viral load levels were obtained with the MRF at BL and T3. A base ten logarithmic transformation was applied to raw HIV-1 RNA levels prior to summary and analysis. To account for variability on the timing of T3 MRFs, viral load at T3 was operationalized as the most recent value conducted at least 90 days after the BL interview (to allow for initiation of ART for at least 6 weeks). On average, the most recent T3 viral load, which was used in analysis, was 239 days (SD = 64 days) or 7.9 months after the BL interview, or 117 days (approximately 4 months) post-intervention.
HIV Care Continuum and Behavioral Endpoints
ART Initiation ART initiation (yes/no) was assessed by self-report at T2 and T3, as was ART continuation, that is, whether the participant sustained ART over the FU periods (yes/no). ART Adherence ART adherence by self-report focused on the past month at T2 and T3, using the CASE adherence index [76] , a simple composite measure of self-reported ART adherence that correlates strongly with 3-day adherence reports and HIV outcomes. The index assesses selfreported frequency of difficulty taking HIV medications on time, average number of days per week at least one dose of HIV medications was missed, and last time missed at least one dose of HIV medications. Items are scored such that higher values indicate better adherence, and the maximum total score is 16. Scores of 11 or higher on this index indicate good adherence (Cronbach's a = 0.79).
Engagement in HIV Primary Care at T3 There is no gold standard for the assessment of engagement of care [77] . Based on national guidelines, we assessed whether the participant attended at least one HIV primary care visit in the previous 6 months from the T3 MRF [78] .
Data Analysis
Fisher's exact test was used to compare intervention and control conditions on all categorical outcomes. Independent-samples t tests, without assuming equality of variance, were used to compare intervention and control conditions on continuous measures for which no baseline assessment was available, or, in the case of viral loads, when there was substantial missing data on the BL MRF (N = 40 participants were missing viral load results in the year before baseline), because forms could not be completed or results were unavailable. Analysis of covariance was used to compare intervention and control conditions on continuous measures, with baseline included as a covariate. Interval estimates of effect size were calculated to convey effect magnitude and uncertainty. To put all effect sizes in the same metric, interval estimates of standardized mean differences were converted to odds ratios using the formula in Chinn [79] . The R statistical computing environment was used for all analyses [80] .
Results
Participants
As presented in Table 1 , participants at enrollment were 48.0 years old (SD = 8.88 years), and had lived with HIV for 14.7 years (SD = 8.73 years), on average, and 56.8 % had taken ART previously. Most were African-American/ Black (76.8 %), and 23.2 % were Latino/Hispanic. Almost two thirds (61.1 %) were male, and more than half of males identified as gay or bisexual (56.9 %). All (99 %) were from low socioeconomic status backgrounds (operationalized as being eligible for food stamps and/or government medical benefits such as Medicaid, and/or having been unable to pay for necessities in the past 6 months). About two-thirds rated their health as ''good'' or better (67.4 %). Participants' average CD4 count in the year before baseline was 313.21 cells/mm 3 (SD = 156.20 cells/mm 3 ) and average log 10 viral load in the year before baseline was 3.35 (SD = 1.41). Most (65.3 %) had an established health care provider in the past year and therefore, a BL MRF could be obtained, but a full 34.7 % had not received HIV primary care in the past year or longer. Substance use was widespread (53.7 % had used drugs in the past 6 months), with 22.1 % using daily, and 28.4 % having attended substance use treatment in the past 6 months. Further, depression at a clinically significant level (42.6 %) was common. There were no statistically significant differences at BL between those randomly assigned to intervention and control arms on demographic, background, or health variables.
Acceptability
Intervention acceptability was high: at T2, the assessment proximal to the intervention, participants who attended intervention activities and completed the T2 assessment (N = 41/47; 87 %) found activities to be ''very good'' or excellent (85.29 %), the information they received was ''helpful'' or ''very helpful'' (100 %), their questions were answered ''most'' or ''all of the time'' (97.1 %), the project staff treated them as an individual with unique needs and concerns ''most'' or ''all of the time'' (100 %), privacy was respected ''most'' or ''all of the time'' (100 %), staff were seen to understand the needs of people of the participant's racial, ethnic or cultural group ''most'' or ''all of the time'' (97.1 %), and, if the participant was female, staff were reported to have understood the needs of women most or all of the time (100 %). There were no adverse or unintended effects reported during the intervention or FU assessments.
Feasibility of Procedures and Intervention Components
Feasibility of Recruitment
As we described elsewhere, the hybrid community recruitment approach using targeted sampling and peer-topeer recruitment was substantially more feasible than recruitment through clinics [40] . This appears to be in part because PLHA with serious barriers to ART do not stay engaged with hospital-based HIV clinics. Instead, they can be found in various community-based and AIDS service locations in community settings, including substance use treatment settings, and are also positioned in larger social networks with other PLHA who can then recruit them for participation in research studies.
Feasibility of MRFs
As presented in Table 2 , at BL, MRFs were completed for 65.3 % of study participants. At BL, MRF data were returned on all but one clinic-recruited participant, but obtaining MRF data on the community-recruited cohort was challenging. Regarding the T3 MRF, 87.4 % (83/95) were completed or resolved, and MRF data were received on 68.4 % (65/95) of study participants. Overall, obtaining HIV care and medical information from health care providers or settings using an MRF was feasible, but labor intensive for both the study and providers, and rates of missing data were unacceptably high.
Feasibility of Intervention Components
The majority of intervention components were feasible, as shown in Table 2 . Almost all participants (93.6 %) engaged in intervention activities, including MI intervention Fig. 2 , which presents retention by intervention arm. There were no differences in retention between intervention arms.)
Feasibility of FU Assessments and Hair Samples
Most participants completed the T2 (89.5 %) and T3 (80.0 %) FU assessments. Most participants who presented for the T3 assessment and were taking ART for at least 6 weeks had sufficient hair for a hair sample: N = 35/44 or 79.5 % of those who were taking ART at T3. All of those with sufficient hair who were asked to provide a sample did so. Thus, retention was high and hair sample collection was feasible and acceptable. Evidence of Efficacy Table 3 shows estimates of the impact of the HTH intervention on biological and behavioral endpoints. As noted above, this exploratory study was not powered for definitive null hypothesis significance testing, but as the first test of this new intervention, was designed to explore evidence of efficacy. Findings that nonetheless reached (p \ 0.05) or approached (p \ 0.10) a statistically significant level are highlighted.
Biological Endpoints
As noted above, we used pre-determined empirically based cut-off values for TFV concentrations to code the continuous, quantitative data as a categorical variable, namely, ART use 7 days a week, on average (yes/no), referred to as ''good adherence.'' Biomarker-based ''good adherence'' was more likely among intervention than control participants, a difference approaching statistical significance, with a large effect size (60 vs. 26.7 %; p = 0.087; OR = 3.95). The most recent HIV viral loads assessed at T3 were substantially lower among intervention participants when compared with controls. This was true for all participants who had at least one viral load result more than 90 days after the BL interview (N = 56), and even more so for the subset of participants who initiated ART during the follow-up period (N = 44), with a large effect size [M = 1.63 (SD = 0.67) vs. M = 2.51 (SD = 1.55); t(27) = 2.39; p = 0.024; OR = 3.70]. In Fig. 3 , we depict TFV concentration levels in hair in the two arms and HIV viral load levels among those who did and did not get an ART prescription.
HIV Care Continuum and Behavioral Endpoints
As shown in Table 3 , provider recommendations to start ART and filling of ART prescriptions were both equally likely in the two study arms. Intervention participants were about as likely to receive a prescription from the provider and to initiate ART as controls (57.5 vs. 58.3 %). The timing of ART initiation was similar across arms as well, with median days on ART 139 among intervention participants and 182 among controls (t(51) = 0.63, p = 0.530; not shown on Table 3 ). Among those who initiated ART, the majority continued to take ART through the FU period (intervention arm 96.4 %, control arm 86.7 %). Among those continuing to take ART at FU interviews, self-reported adherence was similar (62.3 % reporting good adherence) in both arms. About half of participants engaged in at least one HIV care visit (intervention arm 59.6 %, control arm 47.9 %). We explored whether there were differences in intervention acceptability, feasibility or evidence of efficacy by sex, race/ethnicity, sexual minority status, previous ART experience, recruitment in a clinic (vs. community) and substance use but found no differences.
Sub-analysis Excluding Those with Low HIV Viral Load at BL, that is, the ''Conservative Analysis''
As noted above, some MRFs were (unexpectedly) received after a participant had begun intervention activities. In keeping with the exploratory nature of the study, participants were not excluded at that time. In 21 cases (14 intervention arm, 7 control), MRF data indicated HIV viral load levels \50 copies/mL within 90 days before or 50 days after the BL interview, indicating these individuals may have entered the study with very low or undetectable viral loads, suggesting the possibility of ART use at the time of enrollment despite self-reports to the contrary. To account for this possibility, we re-conducted the analysis of the viral load endpoint after excluding 18 of these participants (12 intervention, 6 control), leaving a total of N = 26 who initiated ART during the follow-up period.
Results from this conservative analysis (shown on Table 3 Because it is possible some of these participants excluded in the conservative analysis were actually not on ART at BL, or stopped and re-initiated ART during the study period, we discuss the main analyses, but not the conservative analyses, below.
Discussion
In this paper we explored a novel behavioral intervention targeted to a population at high risk for poor health outcomes: PLHA from African American/Black and Latino racial/ethnic backgrounds who were not taking ART, nor typically well engaged in HIV care, recruited mainly though peers. We found the multi-component HTH intervention designed to ameliorate barriers to ART initiation and engagement in HIV care was feasible, highly acceptable, and showed evidence of efficacy on biological endpoints, including the critical endpoint of reduction in HIV viral load levels. While past studies have evaluated interventions to improve readiness for adherence [81] , ART adherence levels [82] [83] [84] , and engagement in HIV primary care [85] , this is the first behavioral intervention designed for PLHA who have delayed, declined, or discontinued ART, many of whom also experience serious barriers to HIV care [13] .
Improvements in ART Adherence and HIV Viral Load Suppression Assessed with Biomarkers
Participants in the intervention arm were more than three times more likely to evidence good adherence (that is, taking ART 7 days a week) than controls (60 vs. 27 %), assessed via ART concentrations in hair samples, at a level approaching statistical significance. Moreover, those in the intervention arm evidenced significantly lower HIV viral load levels than controls at follow up (a difference of 0.88 log 10 HIV viral load), at a statistically significant level and a large effect size, based on medical record data. Studies of adherence often rely on self-reported adherence measures to assess intervention efficacy. However, recall bias, forgetfulness, or social desirability bias can limit the utility of such self-reports [86, 87] . The present study found support for the feasibility hair sample collection and analysis to assess levels of ART adherence, and the use of objective biomarkers to evaluate these crucial intervention endpoints were strengths of the study.
HTH May Signal New Types of Approaches to the Problem of Adherence
Adherence has been called the ''Achilles' heel'' of HIV treatment [7] . Past successful adherence interventions have focused on those ready to initiate or those who have already initiated ART, and used cognitive-behavioral, strengths based, skill building, and/or motivational enhancement approaches to help patients overcome barriers to adherence, boost adherence rates, sustain adherence, and improve clinical outcomes [81] [82] [83] [88] [89] [90] . While many of these programs have been efficacious or effective, they have typically resulted in small to moderate effects which diminished upon the intervention's cessation [91] . The HTH intervention was a culturally targeted pre-adherence program to address emotional, attitudinal, and social barriers to the initiation of ART and HIV care engagement, and to reduce structural barriers to these health outcomes, targeting the barriers most relevant to African American/ Black and Latino PLHA. Thus HTH was designed to intervene prior to patients' decisions about whether to initiate ART, and to successfully engage those with past negative experiences with ART, with fears and mistrust of ART, and individuals who were fairly certain they would never initiate ART. Indeed, fear appears to play a primary role in the avoidance of HIV care and ART use [11, 12, 36] , particularly among vulnerable and marginalized populations [92] . Fear, a basic human emotion [93] , is triggered by the perception of threat and activates the desire for avoidance of the hazard [94, 95] . Thus fear, as well as anxiety, a related emotion, may prompt PLHA to avoid care, ART use, and also to decline behavioral interventions to improve HIV care continuum outcomes [96] . This relationship between fear of ART, specifically fear of toxic side effects, stigma, and disclosure of HIV status, and avoidance of HIV care, has been found in a recent review of international studies [97] , and was also highlighted in a recent article by Mayer [5] . In fact, Mayer noted healthcare providers generally underestimate the impact of emotional, rather than circumstantial, barriers that prevent people from seeking testing, care, and treatment for HIV infection. The present study highlights the potential utility of addressing the emotional underpinnings of ART initiation.
The Intervention's Possible Mechanisms of Action
Participants in the intervention arm evidenced superior HIV viral load outcomes even a number of months after the intervention concluded. These sustained improvements were interpreted mainly in light of the goals of the MI counseling approach, and in the context of the short-lived effects of most adherence interventions noted above. As described in the Introduction, MI is a method for cultivating durable intrinsic motivation for behavior change. The accepted theoretical underpinning of MI is Self Determination Theory, which describes the optimal conditions for fostering the most volitional and high quality forms of motivation among clients or research participants, namely, by providing experiences of autonomy, competence, and relatedness [17, 98, 99] . The HTH intervention approach was consistent with these principles of Self Determination Theory, and we speculate that building high quality intrinsic motivation for behavior change may have been one major driver of intervention efficacy. On the other hand, it is possible enhanced intrinsic motivation was not the main mechanism of action. For example, intervention components may have influenced a primarily cognitive decision-making pathway. Alternately, the amelioration of competing priorities (substance use and mental health problems) and/or reduction of structural barriers may have been pivotal, although these reductions did not reach statistical significance in the present study. As we discuss below, modifications to the HTH intervention are needed for the next phase of this research program, and future studies with a longer follow up period and a study of intervention mediators may shed light on whether the HTH approach has enduring effects, and on its specific mechanisms of action.
Understanding High Rates of ART Initiation
The substantial rates of ART initiation in both treatment arms may highlight the response of HIV care settings to the latest national HIV treatment guidelines. Since 2012, the Department of Health and Human Services (DHHS) has recommended all PLHA initiate ART regardless of CD4 counts, although the strength of the recommendation is strongest for those with CD4 counts less than 500 cells/ mm 3 [100] . This recommendation has been gaining traction in health departments and clinical settings [100, 101] since then. The high ART initiation rates may also highlight the success of HIV clinics to build readiness for ART, even with their most vulnerable patients. On the other hand, we found PLHA with serious barriers to ART tend not to engage with hospital-based HIV clinics, underscoring the need for outreach and other creative approaches [40] .
Evidence of Efficacy on HIV Care Attendance and Lessons Learned
At the time they entered the study, only 65 % of participants, mainly those recruited from clinics, evidenced engagement in HIV primary care in the prior year, a rate substantially lower than recommended by the DHHS guidelines [100] , but consistent with studies of the HIV continuum of care [8, 14] . The HTH intervention did not produce significant improvements in HIV care engagement, and only half (53.7 %) had attended an appointment in the previous 6 months at the follow up. Because rates of engagement in care over the previous 6 months were roughly comparable to rates of ART initiation, it is possible participants who did not wish to initiate ART were not motivated to attend, or actively avoided, HIV care in that period. These findings also suggest PLHA may initiate ART with high adherence despite less than optimal engagement in care, although this is not ideal for patients, given the many benefits to HIV primary care independent of and in conjunction with ART [37] .
Implications for Intervention Components to Improve Retention in Care
Recent reviews of interventions to improve engagement in HIV care have noted the importance of strategies that address individual-, interpersonal-, environmental-, and structural-level barriers [85, [102] [103] [104] . As we have noted, the HTH intervention also took such a multi-level approach. The HTH intervention model conceptualized engagement in HIV primary care and ART initiation as separate but closely related health care decisions, and emphasized the importance of HIV care, even for those not ready to initiate ART. On the other hand, the intervention addressed these two decision pathways within the same intervention components. We interpret these findings in light of research on medical decision making which suggests decisions to initiate treatment are fundamentally different from those on whether to obtain preventive care [105] [106] [107] [108] . Thus HTH intervention components to improve regular engagement in HIV care can be enhanced by disentangling HIV care decisions from ART decisions, building on this literature on medical decision making, and increasing the duration and intensity of the focus on HIV care, drawing on past efficacious approaches [79] .
Acceptability, Feasibility, and Evidence of Efficacy with Diverse Subgroups of PLHA This was a diverse, ''real world'' sample of PLHA. The intervention was acceptable, feasible, and showed evidence of efficacy for a number of different socio-demographic subgroups, including men and women, African Americans/ Black and Latinos, substance users, and sexual minorities (that is, those who identified as gay or bisexual), providing support for the overall approach to both culturally target and individually tailor intervention components. These promising findings for diverse subgroups are critical given the population of PLHA's substantial heterogeneity. In particular, African Americans/Blacks experience the most severe burden of HIV, followed by Latinos; gay, bisexual, and other MSM, particularly those from African American/ Black racial backgrounds, have some of the highest HIV incidence rates, but heterosexual women and men make up a substantial minority of those at risk for HIV infection; and substance use problems among PLHA are endemic, chronic, and recurring [109] . However, more exploration of effect moderators is warranted given the pilot study's small sample size.
Study Limitations
Because this is a largely exploratory study with a modest sample size, estimates of efficacy are imprecise and some differences between study conditions are not statistically significant. However, interval estimates of effect sizes indicate the HTH intervention overall was promising, particularly in its impact on the important outcomes of biological measures of ART adherence and HIV viral suppression. Data on engagement in HIV care lacked detail, and the study may have under-estimated engagement in HIV care by focusing on HIV primary care, when participants may have received HIV care from other types of providers and/or in emergency departments [110, 111] . Indeed, Mugavero and colleagues have noted the ''fractured'' nature of the health care delivery system, and called for integrated systems that provide feedback about patients system-wide as they move back and forth along the HIV care continuum [51] .
Generalizability
Because the sample of African American/Black and Latino PLHA in the present study was diverse with respect to background and socio-demographic characteristics, we speculate findings will generalize to similar populations in urban areas in the US. However, the low proportion of clinic-recruited PLHA suggests those enrolled may not be representative of the larger population of PLHA retained in HIV clinics but not taking ART. Also, because structural barriers to engagement in HIV care and ART vary somewhat across areas of the US, our community-recruited participants may not be representative of PLHA in other locations across the US.
Implications
There is an urgent need for interventions to improve outcomes along the HIV continuum of care for the nation's most vulnerable PLHA. The present study sheds light on strategies to seek out and engage these populations, who are largely hidden and wary of health care settings. Further it identifies a number of promising intervention components to improve HIV viral suppression, which merit further study. Future studies of ART initiation and HIV care engagement can incorporate objective biomarker measures of efficacy, including hair samples.
